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Short communication . Bacitracin was detected by t. 
RESULTS A N D DISCUSSION
Bacillus licheniforrnis h~cc10716 produced about 22 i.u. bacitracinlml after 28 h growth in the medium with 0.2 g inorganic phosphatell. Further incubation decreased the titre. Bacitracin was produced throughout the period of active growth. By increasing the concentration of phosphate to 1-0 g/1 bacitracin production was decreased by 50 yo, even though total growth was markedly increased (Fig. I a, b) , in agreement with the general assumption that excess phosphate is inhibitory to antibiotic production. Demain (1968) suggested that the inhibition of antibiotic formation by phosphate is generally caused by a feed-back effect of phosphate upon phosphatases necessary for the synthesis of the antibiotic from phosphorylated intermediates. Another suggestion was that excess inorganic phosphate suppresses antibiotic production by depriving the cells of an essential metal (Weinberg, 1970) . When the concentration of phosphate in the medium was increased, bacitracin production gradually increased again and reached normal levels at 10 g phosphatell (Fig. I b) . At 20 g phosphate/l, a marked stimulation of bacitracin production was observed. The antibiotic produced at the different phosphate concentrations was identified as bacitracin by t.1.c.
These results indicate that there is no feed-back effect of phosphate upon bacitracin production as suggested by Demain (1968) . Nor is it likely that phosphate is depriving the cells of an essential metal (Weinberg, I970), since bacitracin production was restored by further increasing the concentration of phosphate. The pH of the culture fluids increased by different amounts at the various concentrations of phosphate used (Fig. I c) . Cultures containing 1.0 g phosphatell showed the most rapid increase in pH and the lowest antibiotic yield, whereas cultures containing 20.0 g phosphate/l showed the slowest increase in pH and the highest bacitracin titres. Intermediate effects on pH and antibiotic production titre were observed for cultures containing 0-2 and 10.0 g phosphatell. (Fig. I b, c) . This indicates that too rapid increase in pH may inhibit bacitracin production.
After 14 h incubation a pH of about 8.0 was produced in the medium containing 1.0 g phosphatell. By maintaining the pH at about 8.0 by means of frequent additions of small amounts of I M-HCl during the succeeding period of incubation, a maximum bacitracin production of about 16 i.u./ml was obtained. The control culture (1.0 g phosphatell) yielded I I -0 i.u. bacitracinlml and had a pH of 8.9 after the same period of incubation. I have previously shown that bacitracin production was markedly inhibited when the pH was raised by the addition of NaOH about 16 h after the initiation of growth (Haavik 1974) . pH-dependency of bacitracin production is in agreement with Snoke (1961) who reported a pH optimum of 8.0 for bacitracin production by B. Zicheniforrnis.
A widespread opinion is that growth and antibiotic production are competing or incompatible processes. Bu'Lock, (1961) and Weinberg (I 970) have postulated that antibiotics are Short communication 229 produced by cells that have recently stopped dividing. Another view is that a rapid growth rate will result in a low antibiotic yield (Jarvis & Johnson, 1947; Demain, 1968) . Since bacitracin is produced throlughout the period of active growth, I find it unlikely that the antibiotic is produced by nsn-growing cells.
During the first 14 h of iincubation the cultures showed the same growth rate at all concentrations of phosphate, tlhe doubling time being about 60 min. In the succeeding period of incubation, cultures containing 0.2 g phosphate/l showed a slower growth rate than cultures containing 1.0 g phosphatell (Fig. I a) , probably due to a rate-limiting effect of the low phosphate concentraticln. Cultures containing 0-2 g phosphatell produced about 50 yo more bacitracin than cultures containing I -0 g phosphatell, conforming with the belief that a rapid growth rate is adverse for antibiotic production. The same rapid growth rates as found with cultures containing I s o g phosphatell were also observed with cultures containing 10.0 and 20.0 g phosphate/l, and in these cases high titres of bacitracin were produced (Fig. I b) . The lower bacitracin production by cultures grown at 1-0 g phosphatell can therefore not be explained by the faster growth rate observed. Since both high and low pH inhibits bacitracin productilon (Haavik, 1974 ) I suggest that a rapid growth rate adversely affects antibiotic production only when it leads to a rapid drift in pH, If pH is controlled, rapid growth may be beneficial to antibiotic production.
My findings indicate that inorganic phosphate exerts an indirect effect upon bacitracin synthesis by affecting the pM development of the culture.
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